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Mathematical Description of MovementMathematical Description of MovementMathematical Description of Movement

Xt+1 = Xt +  (U + Ufish) * ∆∆t
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C = { e.g., velocity and/or acceleration vectors, 
temperature, dissolved oxygen, turbulent kinetic 
energy, turbulent length scales, pressure, etc. }
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Integration for Analysis and SimulationIntegration for Analysis and Simulation

CoupleCouple::

Numerical FishNumerical Fish
SurrogateSurrogate

33--D BiologicalD Biological
TrackingTracking

DataData

Numerical Fish Surrogate Methodology:Numerical Fish Surrogate Methodology:

Data IntegrationData Integration
Data Mining and AnalysisData Mining and Analysis

SimulationSimulation
OptimizationOptimization

GraphicsGraphics

33--D ComputationalD Computational
FluidFluid

DynamicsDynamics



Lower Granite Dam on the Snake River, WALower Granite Dam on the Snake River, WA



Behavioral Guidance Structure
(BGS) Curtain

Behavioral Guidance Structure
(BGS) Curtain

Surface Bypass Collector
(SBC) Gallery

Surface Bypass Collector
(SBC) Gallery

Objective:
Develop and execute an approach for 
integrating biological, operational, and 
hydraulic information to support the selection 
of optimum hydraulic designs and project 
operations for improved fish passage.
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Lower Granite Dam on the Snake River, WALower Granite Dam on the Snake River, WA



Boundary of 3-D Computational Fluid Dynamics (CFD) 
Model Grid

Boundary of 3-D Computational Fluid Dynamics (CFD) 
Model Grid





Computational Fluid Dynamics Simulation of FlowComputational Fluid Dynamics Simulation of FlowComputational Fluid Dynamics Simulation of Flow

CFD by Dr. Larry Weber,
Iowa Institute of Hydraulic Research



Flow Conditions Near Orifice of Surface Bypass CollectorFlow Conditions Near Orifice of Surface Bypass Collector

CFD by Dr. Larry Weber,
Iowa Institute of Hydraulic Research

Example



Integration of CFD and Tracking InformationIntegration of CFD and Tracking Information

Difficulties:

• Consistent georeferencing
• Instrument limitations and liabilities

(e.g., out-of-bounds fish, “…is it really a fish?”)
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Integration of CFD and Tracking InformationIntegration of CFD and Tracking Information

XXX

YYY

ZZZ

Time4Time4

Time1Time1
Time3Time3

Time2Time2

Did the hydraulic Did the hydraulic 
features near the fish at features near the fish at 
Time 3 contribute to a Time 3 contribute to a 
change in direction?change in direction?

Extract 3Extract 3--D flow D flow 
information from aroundinformation from around
each fish locationeach fish location
(i.e., fish ping)(i.e., fish ping)



Numerical Fish Surrogate
(Real System)

Numerical Fish Surrogate
(Real System)

NFS Data Integration Module

– Locates points in distorted 3-D CFD computational cells
• Calculation of and interpolation of flow values to fish-oriented sensory points

– Determines whether points are in-bounds or out-of-bounds

– Calculates 19+ fish movement variables in 3 reference frames

– Calculates 146+ potential forcing functions 
• 44 variables at user-defined number and location of sensory points

– Uses Cartesian-contravariant space for efficient computations
• Large data sets V-E-R-Y memory intensive

• Improves program speed
• Reduces computational requirements

– 7,000+ lines of  FORTRAN 90 code

– Advanced 3-D Tecplot and MATLAB graphics
• Graphical analyses of multi-scaled data
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Separate Passive Transport & Volitional SwimmingSeparate Passive Transport & Volitional Swimming

If total movement greater than passive If total movement greater than passive 
transport, then fish swims with flow:transport, then fish swims with flow:

Total MovementTotal Movement

PassivePassive
TransportTransport

VolitionalVolitional
MovementMovement

If total movement less than passive If total movement less than passive 
transport, then fish swims against flow:transport, then fish swims against flow:

(Tail First)(Tail First)

(Head First)(Head First)

PassivePassive
TransportTransport

VolitionalVolitional
MovementMovement



i,j,ki,j,k

Obtain Position PairsObtain Position Pairs

1
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67
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Observations 1-8

Note: Autocorrelation 
& other biases

For a constant time step:For a constant time step:

New New PositionPositionxx = Old = Old PositionPositionxx + u ++ u +

((uufishfish + random # ++ random # +

biases)biases)

Multiple Regression Analysis (x, y, z):Multiple Regression Analysis (x, y, z):

uufishfish = = b + b + αα1 1 ((velocity)velocity) ++

ββ2 2 (acceleration)(acceleration) ++

δδ3 3 (turbulence intensity)(turbulence intensity) + + 

εε4 4 (turbulence dissipation)(turbulence dissipation) ++

φφii (other hydraulic variables)(other hydraulic variables) ++

γγj j (secondary variables)(secondary variables)

((uufishfish + random #  ++ random #  +



i,j,ki,j,k

Virtual System ConceptVirtual System Concept
Real SystemReal System Virtual SystemVirtual System

BiasesR ≈≈ BiasesV

Xt = Xt-1 + (∆∆t * (u + ufish

random # + BiasesR))

i,j,ki,j,k

RSquareR ≈ RSquareV

UfishR ≈ UfishV

ResidualsR ≈ ResidualsV

Verify on Independent
Data Set

Xt = Xt-1 + (∆∆t * (u + ufish

random # + BiasesV))



NFS Simulation Module

– Fish movement relative to fish-orientated, not CFD, reference 
frame

– Uses Cartesian-contravariant space for efficient computations
• Moves points (fish) within and between distorted cells and multiple blocks 

(for multi-block CFD)
• Location of and interpolation of flow values to fish-oriented sensory points
• Improves speed of V-E-R-Y memory intensive simulations

– 10,000+ lines of  FORTRAN 90 code
• 1500+ lines for behavioral (stimuli-response) rules

– Structured for quick substitution/revision of behavioral rules
– Structured for optimization procedure using 

NFS Data Integration Module
– 3-D animation
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Nighttime Acoustic-Tag Tracking Data
by Ken Cash, USGS

Nighttime Acoustic-Tag Tracking Data
by Ken Cash, USGS

Raw DataRaw Data



Virtual Data (after 200 time steps)
Virtual fish released from same locations that

actual fish were first detected by field equipment.
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Virtual Data (after 700 time steps)
Virtual fish released from same locations that

actual fish were first detected by field equipment.
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actual fish were first detected by field equipment.



Comparison

Virtual fish in yellow
Actual fish in black



Virtual Data (after 1000+ time steps)
Neutrally buoyant particles released from the same locations

that actual fish were first detected by field equipment.

Virtual Data (after 1000+ time steps)
Neutrally buoyant particles released from the same locations
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